Objective. The study used a 3D digitizer to determine three-dimensional motion analysis of the 2nd cervical (C2) spinous process at end range cervical rotation with the scapula in different positions. Methods. 30 healthy adults participated in this study. Different scapula positions were adopted bilaterally and positioned passively at normal resting, depression, adduction, and abduction. Under each scapula position, bilateral end range cervical rotation and displacement of the C2 spinous process were analyzed by a 3D digitizer. Results. Displacement of the C2 spinous process relative to the occiput was significantly correlated with range of cervical rotation under all scapular positions (p<0.05). However, there were no significant differences between end range cervical rotation and displacement of the C2 spinous process relative to the occiput in any scapular position. Conclusion. These results suggest that measurement of upper cervical mobility using the 3D digitizer is a reliable method that holds promise in the evaluation of people with cervical spine disorders.
Introduction
Neck pain has considerable impact on societal health, representing 14.6% of all musculoskeletal problems reported annually [1] . Assessment of active cervical spine movement is a routine part of examination of cervical spine disorders including neck pain [2] . Active cervical examination, however, incorporates movements of both upper and lower cervical segments simultaneously. Cervical rotation between the 1st cervical vertebra (C1) and the 2nd cervical vertebra (C2) accounts for approximately 50% of the total rotation in the cervical spine [3] .
Impairments in alignment of the cervical spine and scapulae are commonly cited as possible sources of pain and dysfunction [4] [5] [6] . The scapulae and the cervical spine are anatomically linked through levator scapulae (LS) and trapezius (TR) muscles [7] among others. Changes in the alignment of the scapulae can potentially influence the biomechanics of cervical spine by altering tension in these muscles [8] . However, there is disagreement in the literature about the effects of scapula position on cervical movement and pain. For instance, passive scapular elevation significantly decreased neck pain and significantly increased cervical range of motion [9] . In contrast, another report found that scapula position did not influence range of cervical rotation [7] . Hence, it is unclear whether cervical rotation is influenced by different scapular positions or not.
When assessing range of upper cervical rotation, the cervical flexion rotation test (FRT) has been recommended [10] . In this test, the cervical spine is placed in end-range flexion to isolate rotation to the C1-2 motion segment. Therefore, the FRT may be a useful measure of upper cervical rotation in the clinical and research setting. However, the FRT may not be useful in evaluating the effect of scapular position on the upper cervical spine since the test is conducted in supine. On the other hand, three-dimensional motion of the spine and peripheral joints can be evaluated reliably and accurately by the 3D digitizer device. Cronbach's coefficient for intraobserver and interobserver reliability of the 3D digitizer was 0.92 for both, which indicates high internal consistency [11] . Furthermore, reproducibility of measuring bone or spatial landmarks using the 3D digitizer device is high and is an easy-to-operate apparatus [12] [13] [14] .
The purpose of this study was to investigate the effect of different scapular positions on two parameters, namely, range of cervical rotation as well as displacement between the occiput and C2 spinous process at end range cervical rotation (C2 displacement) using the 3D digitizer device.
We hypothesized that (1) range of C2 displacement would correlate with range of cervical rotation and that (2) range of C2 displacement and range of cervical rotation were both influenced by different scapular positions.
Material and Method

Subjects.
Thirty healthy participants were recruited and interviewed about their medical history; none had current neck pain, systemic arthritis, systemic bone disease, neuromuscular disease, or any history of cervical surgery. All participants agreed to sign an informed consent declaration. The 30 participants were 15 males and 15 females of mean age 21.2 ± 0.8 years, mean height 166.4 ± 8.8 cm, and mean body mass 60.2 ± 9.7 kg. This study followed the Declaration of Helsinki and was approved by the Ethics Committee at the Saitama Medical University, Saitama, Japan (no. 166).
Experimental Process.
In this study, with the subject seated on a bench, scapular position was bilaterally and passively set at (1) resting position, (2) depression, (3) adduction, and (4) abduction, with a neutral glenohumeral joint position. Subjects were surrounded by steel frames (Tactix6 Steel shelving Unit). Under the resting condition, subjects were in their normal relaxed seated position. Scapular depression was induced by carrying a backpack on the subject's chest containing a 6 kg weight. Scapulae adduction was achieved by a nonelastic belt securely fastened around the chest wall with both shoulder girdles extended while scapulae abduction was achieved with the same belt with both shoulder girdles flexed. A laser pointer (RX-4N, SAKURA COLOR PRODUCT Corp., Japan) was strapped to the subject's head (Head strap GoPro Corp., Japan). Subjects were required to maintain the laser light in the center of a horizontal band (width; 50 mm) which was set within a height-adjustable frame. The purpose of the laser light was to enable cervical rotation without flexion or extension (Figure 1) .
The C2 spinous process, mastoid processes, and acromial angles were identified by palpation and subsequently scanned using the 3D digitizer device (Microscribe5 G2X, Revware Inc., USA). Measurements were taken by manually palpating the specific bony landmarks (resolution; 1,000 m), with the data being directly entered to modelling software (Rhinoceros Ver.5.0 Robert McNeel & Associates., USA) and presented graphically. As a pilot to determine accuracy and reliability of the 3D digitizer device, we analyzed 12 lengths and angles of 3 standardized accurately manufactured cubes which were guaranteed as 10. We verified the reliability of the measurement of the 3D digitizer by measuring the distance between the right and left mastoid process of the occipital bone in 30 subjects. Range of cervical rotation to each side was determined by the vector from the left to right mastoid process related to the vector from left to right acromial angle. C2 displacement was calculated as the change in distance between the left mastoid process and the point of intersection from a perpendicular line drawn from the C2 spinous process to a line drawn between both mastoid processes, comparing the neutral position and each end range cervical rotation position ( Figure 2 ). C2 displacement represents the change in distance between the occiput and C2 spinous process as a result of cervical rotation. Although C2 displacement cannot be directly converted into angular motion, C2 displacement is directly representative of atlantooccipital (C0-1) and/or atlantoaxial (C1-2) joint motion during cervical rotation.
Muscle hardness served as a proxy for muscle tension and was determined for the levator scapulae (LS-hardness) and trapezius (TR-hardness) muscles by the muscle hardness tester (NEUTONE TDM-N1 TRYALL Corp., Japan). This was used to determine whether muscle hardness was influenced by end range cervical rotation and C2 displacement or not. LS-hardness was measured bilaterally at the midpoint between the C2 spinous process and the medial aspect of the spine of scapula. TR-hardness was measured bilaterally at the midpoint between the C7 spinous process and the acromial angle.
Statistical Analysis.
All data were analyzed using SPSS Statistics (version 22.0). Correlations between C2 displacement, LS-hardness, and TR-hardness at each scapular position were calculated using Spearman correlation. Repeatedmeasures ANOVA with Dunnett's post hoc test were used to compare range of cervical rotation and C2 displacement with the scapula in resting position with that at 3 different scapular positions (depression, adduction, and abduction). Significant differences were set at a level of 0.05.
Results
Bilateral range of cervical rotation was significantly correlated with C2 displacement relative to the occiput in all scapula positions (Table 1 ). These results indicated that C2 displacement was correlated with the magnitude of upper cervical rotation regardless of the four scapular positions: rest, depression, adduction, and abduction. Despite these findings, comparisons of mean range of cervical rotation and mean C2 displacement relative to the occiput were not significantly different in four scapular positions: rest, depression, adduction, and abduction (Table 2 ). End range cervical rotation to the right and left measured in degrees. C2 displacement at end range cervical rotation to the right and left measured in mm. There were no significant differences of both end range cervical rotation and C2 displacement in all different scapular positions.
Muscle hardness of the right LS and left and right TR with the scapulae in resting position were correlated with range of right cervical rotation. Right LS-hardness with the scapula in resting position and bilateral LS-hardness and left TR-hardness with the scapulae in adduction were correlated with range of left cervical rotation.
Discussion
The results of this study support our hypothesis that C2 displacement with the scapulae in resting position correlated with range of cervical rotation as we hypothesized firstly. These results are consistent with a previous study that reported that range recorded during the FRT was correlated with total range of cervical rotation [15] . Interestingly, the current study found positive correlations between C2 displacement and range of cervical rotation in all scapular positions. Hence it was considered that upper cervical and whole cervical rotation mobility were not influenced by scapular position at least in healthy people.
According to previous studies, it has been reported that scapular depression may contribute to prolonged compressive loading of the cervical spine through the cervicoscapular muscles such as upper TR and LS [16] . Similarly, it has been reported that increased LS stiffness might contribute to compressive load and shear force on the cervical spine during active neck movement [17] and repetitive stress has the potential to cause cumulative microtrauma to tissues in the cervical region, thereby inducing neck pain and limiting neck range of motion [16, 18] . However, these comments were expressed as an opinion in the discussion of a single case report or for patients with widespread neck pain. We originally hypothesized that greater tension of the LS and TR would inversely affect cervical rotation. Our results regarding muscle hardness, which served as a proxy for muscle tension, showed that right LS-hardness and bilateral TR-hardness with the scapulae in a resting position were significantly and negatively correlated with range of right cervical rotation. Additionally, right LS-hardness with the scapulae in resting position, bilateral LS-hardness, and left TR-hardness with the scapulae in adduction were also significantly and negatively correlated with range of left cervical rotation. Interestingly, the results for muscle hardness were not consistent for the right and left in terms of C2 displacement and range of cervical rotation.
It has been proposed that scapular depression might be a contributing factor in neck pain [19] , and scapular postural correction strategies have been advocated as a treatment strategy for patients with neck pain with altered scapular orientation [20, 21] . Previously it has been demonstrated that in healthy subject's cervical rotation range increased by up to 11 ∘ when support was provided under the subject's arms elevating their scapulae [7] . In general, it was assumed that supporting under the arms and elevating the scapulae increased end range cervical rotation by reducing passive tension of the upper TR and LS [9] . In those studies, a digital inclinometer was used to measure total cervical rotation [7, 9] , and no attempt was made to assess rotation of the upper cervical spine. The current study did not compare the effect of a supported arm/scapulae position with other scapular positions (depression, adduction, and abduction) on range of cervical rotation; therefore we cannot determine whether scapula depression has an effect on cervical rotation range by altering LS or TR muscle stiffness length or not.
Clinically, upper cervical rotation is impaired in people with cervicogenic headache (CGH) [22] . The lateral and median C1-2 joints have synovial membranes, fibrous capsules, and ligament, respectively. In healthy people, C1-2 rotation is mainly restricted by the alar ligaments, with a minor contribution from the accessory atlantoaxial ligaments, as well as obliquus capitis inferior, rectus capitis posterior major, splenius capitis, and sternocleidomastoid muscles [23] . In order to increase C1-2 joint movement in CGH management, physical therapy has not focused on scapular position but instead recommendations have been made regarding improving cervical function directly through mobilization with cervical movement [24] , suboccipital muscles release [25] , or low-load craniocervical flexion exercise [26] . The current study's results also support these physical therapies for people with CGH because there were no significant differences in range of cervical rotation and displacement of C2 spinous process relative to the occiput in any scapular position.
Several limitations need to be noted with regard to the study findings. Firstly, C2 displacement in mm cannot be directly related to the angle of rotation in degrees. Secondly, subjects were all healthy, so it is not possible to conclude whether scapula position influences upper cervical or whole cervical rotation in people with neck pain or specific disorders such as CGH. Thirdly, the relationship is unclear between displacement of C2 and displacement of other cervical spinous processes at end range cervical rotation in different scapular positions. Further studies should focus on C2 displacement relative to the occiput at end range cervical rotation using the 3D digitizer for the patients with neck pain, CGH, and other associated disorders.
Conclusions
In this study, three-dimensional motion analysis of the C2 spinous process at end range cervical rotation in different scapular positions was assessed using the 3D digitizer device. C2 displacement relative to the occiput was significantly correlated with range of cervical rotation under all scapular positions. Despite this finding, there were no significant differences in range of cervical rotation and displacement of C2 spinous process relative to the occiput in any scapular position. These results suggest that measurement of upper cervical mobility using the 3D digitizer is a reliable method that holds promise in the evaluation of people with cervical spine disorders. Future studies should verify the measurement of 3D digitizer determined C2 displacement before acceptance of this measurement method in patients with dysfunction in the upper cervical spine.
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